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Abstract: Using recombinant TpNs proteins of Treponema pallidum as antigens, ELISAs are proved to be of higher sensitivity and
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specificity. However, they can be further increased by using multiple TpNs antigens. According to the epitope analysis, we firstly
used linking primers PCRs to obtain an artificial fusion gene segment tpE17-47 containing epitopes of both TpN17 and TpN47.
Subsequently, we conducted the prokaryotic expression systems of entire tpN17 and tpN47 genes and tpE17-47 fusion gene.
SDS-PAGE analysis and BioRad Gel Image Analysis System showed that the recombinant proteins rTpN17, rTpN47 and rTpE17-47
expressed stably, with 36%, 20% and 28% yields of total bacterial protein, respectively. After purified by Ni-NTA affinity
chromatography, all the three recombinant proteins could be recognized by T. pallidum antibody positive sera from syphilis patients.
The positive rate of rTpE17-47-ELISA for detecting serum specimens in clinically 630 cases with syphilis was 98.6%. This rate was
slightly higher than that by Treponema pallidum particle agglutination (TPPA) (97.9%) (P>0.05), but significantly higher than those
by rTpN17-ELISA (83.8%), rTpN47-ELISA (83.3%) and rapid plasma reagin (RPR)(72.1%)(P<0.01). Furthermore, both ELISAs
and TPPA for detecting the serum specimens in 25 cases with SLE, 36 cases with RA and 250 healthy cases were all negative. RPR
showed positive in 1 case with SLE, 2 cases with RA and 2 healthy cases. This could be a novel serological screening or diagnostic
method of syphilis with advantages of quickness, convenience, safety, sensitivity and specificity.
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135 ) (TpEl7),  +30 bp ) (D), PCR
TpN47 97~120  (VLSKQETEDSRGRKKWE tpE17  tpE47 , DNA3S
YETDPSV) (TpE47) (BioColor) ,
1.2.2 DNA B tpE47  tpE17
DNA (BioColor) (DNA <500 ng),
DNA!" GenBank ’ PCR >
(Accession No. TP0435, 194 °C 5 min; 94 °C 305,45 °C 305, 72°C 60 s, 10
TPOS574) (3141 ; 72 °C 7 min; tpE17 tpE47
tpN17  tpN47 ( 1) PCR
100 L, 25mol/.  dNTP 250 nmol/L tpELT tpEAT 250 nmol/L,
PCR :94 °C 5 min; 94 °C 30s,52°C30s, 72 °C
15 mol/L MgCl, 2.5 U Ex Taq (TaKaRa) 200 ng i ) °
60 s, 30 ; 72 °C 7 min
DNA I1xPCR (pH 8.3) tpN17 PCR
1.5% PCR ,
294 °C 3 min; 94 °C 30's, 54 °C 30 s, 72 °C 45 s,
510 bp( ATG+405 bp tpE17+
30 ; 72 °C 5 min tpN47 PCR 194 °C
GGGGSGGGGS 30 bp+72 bp tpE47)
3 min; 94 °C 30 s, 52 °C 305, 72 °C 90 s, 30 ; .
T-A (BioColor)
o : o
727°C 10 min 1.5% pUCM-T \ E. coli DH5a
PCR tpN17 tpN47 LB [12]
468 bp 1302 bp T-A Invitrogen pUCm-T-tpE17-47
(BioColor)
pUCm-T R E. coli DH5a LB 1.2.4
[12]
> > Nde 1 Xho 1
Invitrogen pUCm-T-tpN17 pUCm-T-tpN17 pUCm-T-tpN47 pUCm-T-tpE17-47
pUCm-T-tpN47 pET42a,
1.2.3 T4 DNA , tpN17 tpN47
pUCm-T-tpN17  pUCm-T-tpN47 s tpE17-47 pET42a ,

PCR tpE17-47
tpE17 (
tpE17+30 bp )

ATG+405 bp
tpE47 (72 bp

%z 1 PCREIMIFINREMK N
Table 1

E. coli BL21(DE3),
E. coli BL21(DE3) pET42a-tpN17
BL21 (DE3)PET42a-IpN47 E. coli BL21 (DE3)PET42a- {pE17-47

E.coli

Information about the PCR primer sequences and product sizes

Genes Primer sequences (5'-3")

Product sizes (bp)

tpN17 F: cgc cat atg (Nde 1) aaa gga tct gtc cgc geg
R: cge cte gag (Xho 1) tte ctg tgt tte ttc gag

tpN47 F: cge cat atg (Nde 1) gag gta ttg ggc gaa aag

R: cge_cte gag (Xho I) gge acg cac cat ctt agt aac

tpEL17 F: cgc cat atg (Nde 1) tgt gtc tcg tge aca acc

468

1302

438

R: GCT ACC GCC ACC GCC GCT ACC GCC ACC GCC ctt ctt tgt ctt gag cac
tpE47 F: GGC GGT GGC GGT AGC GGC GGT GGC GGT AGC gtt ctc tcg aag cag gag 102

R: cge cat atg (Xho I) aac get tgg gac agt ctc
tpE17-47 F: cgc cat atg (Nde 1) tgt gtc tcg tge aca acc

R: cge_cte gag (Xho I) gtt cte tcg aag cag gag

510

F: forward primers; R: reverse primers. The sequences in capital indicate the flexible peptide link.
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Fig. 1 Amplification fragments of tpN17 and tpN47 genes and
tpE17-47 epitope fusion gene. M: DNA marker (BioAsia); 1,2:
the amplification fragments of tpN17 and tpN47 genes,
respectively; 3: the amplification fragment of tpE17-47 epitope
fusion gene.
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I pTTVTV FNADSGTAQKV ETL AL

GAGAAGAAGTCGGCACCTTCTCCTCTTACGTATCGCGGTACGTGGATGGTACGTGAAGAC
EXK K SAPSPLTYRGTWMVRETD

GGAATTGTCGAACTCTCGCTTGTGTCCTCGGAGCAATCGAAGGCACCGCACGAGAAAGAG
G I vVELSLVSSEA®QSZKAPIHEKE

CTGTACGAGCTGATAGACAGTAACTCCGTTCGCTACATGGGCGCTCCCGGCGCAGGAAAG
LYy ELIDSNSVRYMGAPGAGK
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S 6 G GGSVILSKZAQETETDST RGRK

AAGTGGGAGTACGAGACTGACCCAAGCGTT
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Fig. 2 Nucleiotide and putative amino acid sequences of tpE17-47 antigen epitopes fusion gene. The underlined and squared areas indicate

the positions of primers and flexible peptide, respectively.
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Fig. 3 Effects of expression and purification of rTpN17, rTpN47
and rTpE17-47. M: protein marker (BioColor); 1: pET42a without
any inserted fragments; 2—4: the expression of rTpN17, rTpN47
and rTpE17-47 induced with IPTG, respectively; 5—7: the purified
rTpN17, rTpN47 and rTpE17-47, respectively.

83.8%(528/630)  83.3%(525/630)
98.6%(621/630) ( 2)
2.5 ARIMLEFEN 7 EFF R R SUR 4 bL i
TPPA  rTpN17-ELISA rTpN47-ELISA
rTpE17-47-ELISA ,RPR 630
(P<0.01);
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Table 2 Detection results of the syphilis patients’ sera by
different serological assays

Positive cases Positive rates

Methods Cases (N) n) %)
rTpN17-ELISA 630 528 83.8
rTpN47-ELISA 630 525 83.3
rTpE17-47-ELISA 630 621 98.6
RPR 630 454 72.1
TPPA 630 617 97.9

rTpN17-ELISA  rTpN47-ELISA

(P>0.05), rTpE17-47-ELISA TPPA
(P<0.01); rTpE17-47-ELISA TPPA
(P>0.05) TPPA ,
RPR rTpN17-ELISA rTpN47-ELISA rTpE17-47-
ELISA 73.6% 85.6%
85.1% 99.3% TPPA
RPR rTpN17-ELISA  rTpN47-ELISA

, 4 TPPA
rTpE17-47-ELISA , rTpE17-47-
ELISA TPPA 25  SLE
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Fig. 4 Western blotting analysis of rTpN17, rTpN47 and rTpE17-47. M: protein marker (BioAsia); 1-5, 7—11, 13—17: the positive Western
hybridization bands of rTpN17, rTpN47 and rTpE17-47 to 5 T. pallidum antibody positive serum samples, respectively; 6, 12,18: blank controls.
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Table 3 Comparison of sensitivity and specificity of different syphilis serological assays

Syphilis sera (n=630)

SLE sera (n=25)

RA sera (n=36)

Healthy sera (n=250)

Methods Positive  Negative  Consistentrates  Positive  Negative Positive Negative  Positive  Negative
(n) (m (%) (m (m (n () (m (n
TPPA 617 13 / 0 25 0 36 0 250
RPR 454 176 73.6 1 24 2 34 2 248
rTpN17-ELISA 528 102 85.6 0 25 0 36 0 250
rTpN47-ELISA 525 105 85.1 0 25 0 36 0 250
rTpE17-47-ELISA 621 9 99.3 0 25 0 36 0 250
36 RA ,1 SLE 2 RA , ,
RPR ., TPPA ,
ELISAs ,
100% , TPPA  ELISAs 250 , rTpN47 ( 20%)
,RPR 2 , , TpN17
, 2 RPR TpN47 , TpN17
SLE RA . , . TpN47 97~120
SLE RA (N-VLSKQETEDSRGRKKWEYETDPSV-C)
3 ,
. TpN17 TpN47
3 i ©7-120) ,
Tp Tp rTpE17-47
2 RPR
(TRUST) :
(FTA-Abs) TPPA tpN17  tpN47 )
, [2:3] PCR tpE47  tpEl7
, (GenBank Accession No.
, RA SLE (CPH) TP0435, TP0574) tpN17 tpN47
01 TPPA 100%,
, tpE17-47 T-A
) Tp )
, Nichols rTpN17 1TpN47 rTpE17-47 R
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rTpE17-47 ELISAs 630
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RPR(72.1%)(P<0.01); TPPA (97.9%)
, TTpE17-47-ELISA ,
(P>0.05) ,
rTpN17  rTpN47 , I'TpE17-47
TPPA ELISAs SLE RA
, RPR )

4.0%(1/25)SLE
0.8%(2/250)

5.6%(2/36)RA

TPPA , TTpE17-

47-ELISA (99.3%), rTpN17-ELISA

rTpN47-ELISA 80% , RPR

(73.6%) :

rTpE17-47-ELISA rTpN17- ELISA rTpN47-
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